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(54) MANUFACTURING METHOD OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the manufacturing method of a 
semiconductor device for canceling nonconformities that are generated by 
passing through a process, using photoresist that is subjected to wafer edge 
rinsing. 

SOLUTION: For manufacturing the semiconductor device, having N- and P- 
channel MOSFETs, P- and N~type ions are implanted to a silicon substrate 1 
with a photoresist (35 and 36) being subjected to the wafer edge rinsing as a 
mask or forming impurity diffusion regions (4, 5, 6. and 7). A photoresist 37 is 
applied to the entire wafer surface, the resist 37 at a wafer edge section is 
removed by rinsing, etching is made by fluoric-acid-based etching liquid for 
peeling off the silicon substrate 1, and an ion implanted region (41) is exposed. 
After that, the upper surface of a wafer is covered with BPSG and TEOS films 
as an inteHayer insulating film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be 
translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] The manufacture approach of the 
semiconductor device characterized by having the 
process which carries out an ion implantation to 
the semi-conductor film on a semi-conductor 
substrate or a substrate by using as a mask the 
photoresist which carried out wafer edge rinse, 
the process at which etching clearance of the 
insulator layer on the ion-implantation field in 
the wafer edge section is carried out, and the 
ion-implantation field concerned is exposed, and 
the process which covers the top face of a wafer 
with an interlayer insulation film. 
[Claim 2] It is the manufacture approach of the 
semiconductor device characterized by including 
the process into which said process which carries 
out an ion implantation pours the impurity ion of 
the 1st conductivity t3^e in the manufacture 
approach of a semiconductor device according to 
claim 1, and the process which pours in the 
impurity ion of the 2nd conductivity type. . 
[Claim 3] The manufacture approach of the 
semiconductor device characterized by including 
the process which pours in the impurity ion of the 
1st conductivity tjrpe, the process which pours in 
the impurity ion of the 2nd conductivity type, and 
the process which forms a wiring layer in the 
manufacture approach of a semiconductor device 
according to claim 1, 

[Claim 4] The manufacture approach of the 
semiconductor device characterized by using As or 
P with BF system as an ion kind in an ion 
implantation in the manufacture approach of a 
semiconductor device according to claim 2 or 3. 
[Claim 5] It sets to the manufacture approach of a 
semiconductor device according to claim 4, and 
the dose of BF system ion kind is 2xl015-/cm2. 
While being above, the ion kind dose of As or P is 



3xl015-/cm2. The manufacture approach of the 
semiconductor device characterized by being 
above. 

[Claim 6] The process which carries out etching 
clearance of the insulator layer on the 
ion-implantation field of said wafer edge section 
in the manufacture approach of a semiconductor 
device according to claim 1 is the manufacture 
approach of the semiconductor device 
characterized by etching with a fluoric acid 
system etching reagent, and exposing a silicon 
substrate or the poly crystalline silicon film after 
it appUes a photoresist all over a wafer and a 
rinse removes the resist of the wafer edge section. 
[Claim 7] The manufacture approach of the 
semiconductor device characterized by the 
thickness of the insulator layer on said 
semi-conductor substrate or the semi conductor 
film being 200nm or less in the manufacture 
approach of si semiconductor device given in any 1 
term of claims 1-6. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to 
the manufacture approach of a semiconductor 
device, and relates especially to the wafer edge 
rinse of a resist, i.e., the manufacture approach of 
a semiconductor device of providing the process 
accompanied by the processing which covers over 
which and removes a solvent to the resist of a 
wafer periphery at the time of resist spreading. 
[0002] 

[Description of the Prior Art] In semi-conductor 
manufacture, pattern formation of each device is 
carried out with photolithography, and it has the 
process which diffuses an impurity in a position. 
At the FOTORISO process, the photoresist film 
which is a surface mask is wafer edge rinse (side 
rinse), it is removed at every processing of each 
process, and an insulator layer etc. becomes 
unreserved and, as for the wafer edge section, an 
impurity is always poured in. 

[0003] The adhesion reinforcement of the 
insulator layer of the wafer edge section and a 
semi-conductor silicon substrate is reduced by the 
ion kind and overprint which are poured in, film 
peeling occurs with an interlayer film formation 
process, and there is a trouble which causes the 
contamination within a process and a component 
pattern defect. 



[0004] 

[Problem(s) to be Solved by the Invention] This 
invention is made under such a background and 
the object is. in offering the manufacture approach 
of the semiconductor device which can cancel the 
nonconformity generated by passing through the 
process using the photoresist which carried out 
wafer edge rinse. 
[0005] 

[Means for Solving the Problem] According to 
claim 1, an ion implantation is carried out to the 
semi-conductor film on a semi-conductor 
substrate or a substrate by using as a mask the 
photoresist which carried out wafer edge rinse. 
And after carrying out etching clearance of the 
insulator layer on the ion-implantation field in 
the wafer edge section and exposing the 
ion-implantation field concerned, an interlayer 
insulation film is covered by the top face of a 
wafer. Therefore, by the conventional approach, 
although the adhesion reinforcement of the 
interface of the semi-conductor in an 
ion-implantation field and insulator layer in the 
wafer edge section falls, since an interlayer 
insulation film is formed after removing the 
insulator layer of this part, the nonconformity of 
film peeUng occurring with an interlayer film 
formation process, and resulting in the 
contamination within a process or a component 
pattern defect is cancelable by this invention. 
[0006] Moreover, it is suitable when it includes 
the process according to claim 2 which pours in 
the impurity ion of the 1st conductivity type as a 
process which carries out an ion implantation like, 
and the process which pours in the impurity ion of 
the 2nd conductivity type. Furthermore, it is 
suitable also when it includes the process 
according to claim 3 which pours in the impurity 
ion of the 1st conductivity type, the process which 
pours in the impurity ion of the 2nd conductivity 
type, and the process which forms a wiring layer 
like. 

[0007] Moreover, when [ according to claim 4 ] As 
or P is used with BF system as an ion kind in an 
ion implantation like, the dose of BF system ion 
kind is 2xl015-/cm2 like the pubUcation to claim 
5 further. While being above, the ion kind dose of 
As or P is 3xl015-/cm2. It is suitable when it is 
above. 

[0008] Moreover, after the process according to 
claim 6 which carries out etching clearance of the 
insulator layer on the ion-implantation field of the 
wafer edge section applies a photoresist all over a 



wafer and removes the resist of the wafer edge 

section with a rinse, it is [ like ] good [ a process ] 
to etch with a fluoric acid system etching reagent, 
and to expose a siUcon substrate or the 
polycrystalline silicon film. 

[0009] Furthermore, it is [ like ] suitable when 
[ according to claim 7 ] the thickness of the 
insulator layer on a semi-conductor substrate or 
the semi-conductor film is 200nm or less. 
[0010] 

[Embodiment of the Invention] Hereafter, the 
gestalt of the operation which materialized this 
invention is explained according to a drawing. 
The production process of the semiconductor 
device in this operation gestalt is shown in 
drawing 1 - drawing 3 . 

[0011] This equipment is making MOSFET 
structure, as shown in drawing 3 (d). In detail, 
N-channel metal oxide semiconductor FET and P 
channel MOSFET are provided. Explanation of 
the structure of equipment forms P well field 2 
and N well field 3 in the surface section in the top 
face of a silicon substrate (wafer) 1. In P well field 
2, the N field (source) 4 and the N field (drain) 5 
are formed in the surface section. Similarly, in N 
well field 3, the P field (source) 6 and the P field 
(drain) 7 are formed in the surface section. 
Moreover, on P well field 2, the polish recon gate 
electrode 9 is formed through gate oxide 8. 
Similarly, on N well field 3, the polish recon gate 
electrode 11 is formed through gate oxide 10. The 
polish recon gate electrodes 9 and 11 are covered 
by silicon oxide 12 and 13. Furthermore, the 
BPSG film 14 as the 1st interlayer insulation film 
is formed in the top face of a silicon substrate 
(wafer) 1. The N fields 4 and 5 and the P fields 6 
and 7 are connected with the aluminum wiring 15, 
16, 17, and 18. On it, the TEOS film 19 as the 2nd 
interlayer insulation film is formed. 
[0012] Next, the manufacture approach of a 
semiconductor device is explained. First, as 
shown in drawing 1 (a), a silicon wafer 1 is 
prepared and the pad oxide film 30 is formed in a 
silicon wafer 1. And as shown in drawing 1 (b), (c), 
and (d), P of MOSFET and N well fields 2 and 3 
are formed using each technique of FOTORISO 
ion in plastic and an impurity drive. As shown in 
drawing 1 (b), while forming a photoresist 31 in a 
predetermined field and driving in the ion kind of 
P type in detail using this photoresist 31, as 
shown in drawing 1 (c), a photoresist 32 is formed 
in a predetermined field and the ion kind of N 
type is driven in using this photoresist 32. Wafer 



edge rinse processing is performed, there are no 
photoresists 31 and 32 in a wafer periphery side 
rather than the periphery edges El and E2 of 
drawing 1 (b) and (c), and, as for the photoresists 
31 and 32 used at these processes, an ion kind is 
driven also into this field. Furthermore, as shown 
in drawing 1 (d), P and N well fields 2 and 3 are 
formed by annealing. The impurity diffusion field 
83 is formed in the wafer periphery section at this 
time. 

[0013] Then, as shown in drawing 1 (e), the polish 
recon film for the gates of MOSFET (9 11) is 
depoted, the unnecessary polish recon film is 
removed using photolithography (photoresist 34) 
and a dry etching technique, and the polish recon 
gate eliectrodes 9 and 11 are arranged. And as 
shown in drawing 2 (a), about lOOnm of 
side -attachment- wall oxide films 12 and 13 is 
formed by thermal oxidation as protection of the 
polish recon gate electrodes ^9 and 11. 
[0014] Furthermore, as shown in drawing 2 (b), 
for formation of the source drain diffiision layer of 
N-channel metal oxide semiconductor FET, a 
photoresist 35 is used and arsenic ion (As+) or 
phosphorus ion (P+) is poured in. Moreover, as 
shown in drawing 2 (c), a photoresist 36 is used 
for formation of the source drain diffusion layer of 
P channel MOSFET, and it is BF2+ as an ion kind. 
An ion implantation is carried out. Wafer edge 
rinse processing is performed, there are no 
photoresists 35 and 36 in a wafer periphery side 
rather than the periphery edges E3 and E4 of 
drawing 2 (b) and (c), and, as for the photoresists 
35 and 36 used at these processes, an ion kind is 
driven also into this field. 

[0015] thus, source drain in plastic -■ the bottom, 
behind, as shown in drawing 2 (d), using a 
photoresist 37, etching clearance of the oxide film 
20 on the impurity diffusion field 
(ion-implantation field) 41 in the wafer edge 
section is carried out, and this field 41 is exposed. 
After it applies a photoresist 37 all over a wafer 
and a rinse removes the resist 37 of the wafer 
edge section in detail, an oxide film 20 is etched 
with a fluoric acid system etching reagent, and a 
siUcon substrate 1 is exposed. 

[0016] Then, as shown in drawing 3 (a), the BPSG 
film 14 as the 1st interlayer insulation film is 
depoted on a wafer. And annealing (heat 
treatment) is performed. This is for activation of 
flattening of the BPSG film 14, and the source 
drain of MOSFET. 

[0017] And as shown in drawing 3 (b), in order to 



take the electrode of the source drain field of 
MOSFET by FOTORISO etchings a contact hole 
39 is formed. In detail, a photoresist 38 is formed 
in a predetermined field, wet etching is performed 
and a contact hole 39 is further formed by 
performing dry etching. In order that the dry 
etching of a contact hole 39 may carry out the 
mask of the wafer edge section in a clamp ring for 
etching stabilization, the BPSG film 14 remains 
in the wafer edge section. 

[0018] Thus, after forming a contact hole 39, it 
anneals in order to secure the step coverage 
nature in the aluminum film (wiring layer). And 
as shown in drawing 3 (c), the aluminum film is 
formed with a sputtering technique, patterning is 
carried out using photolithography (photoresist 
40) and a dry etching technique, and the 
aluminum wiring 15- 18 is arranged. Furthermore, 
as shown in drawing 3 (d), the TEOS film 19 as 
the 2nd interlayer insulation film is formed on a 
wafer. 

[0019] Although the above was a production 
process in this operation gestalt, when a 
semiconductor device was manufactured, through 
the same process, the following nonconformities 
had occurred by the conventional approach. The 
production process by the conventional approach 
corresponding to drawing 1 - drawing 3 is shown 
in drawing 9 - drawing 11 . That is, after forming 
the well fields 2 and 3 of P and N using 
photoresists 31 and 32 like drawing 9 , the polish 
recon gate electrodes 9 and 11 are arranged, 
further, as shown in drawing 10 and 11, P and the 
N fields 4-7 are formed using photoresists 35 and 
36, then formation of the BPSG film 14, formation 
of wiring layers 15-18, and formation of the TEOS 
film 19 are performed. 

[0020] Here, as shown in drawing 11 (d), film 
internal stress occurs by heat treatment in the 
case of the formation process of the TEOS film 19 
which is the 2nd interlayer insulation film, and 
oxide-film peeling occurs by Si02 / Si interface. 
The nonconformity that adhere to a device field, 
and cause the abnormalities in a pattern or this 
pollutes a wafer carrier or the equipment of an 
after process arises. This is N+ also to the wafer 
periphery section in the case of the ion 
implantation of the source drain field of MOSFET. 
P+ It is to pour in both ion, for weak coupling to 
be possible for Si02 / Si interface in the thin part 
(about lOOnm) of an oxide film, and for the 
membranous adhesion force to decline. 
[0021] On the other hand, with this operation 



gestalt, like drawing 2 (d), the film 20 of the weak 
chemical bond which is possible for Si02 / Si 
interface was removed in advance, the silicon 
substrate 1 was exposed, and film peeling is 
prevented. 

[0022] Hereafter, the result of various kinds of 
experiments which this invention persons 
conducted is explained. This experiment is 
conducted in order to investigate the cause of 
oxide "film peeling. In drawing 4 , they are N+ and 
P+. The relation between an ion in plastic dose 
and oxide-filin adhesion reinforcement is shown. 
In an axis of abscissa, it is BF2+ as an ion kind. 
The dose at the time of using is taken. Moreover, 
along the axis of ordinate, the adhesion 
reinforcement of the oxide film on a wafer is 
taken. A sample is 5xl0157cm2 about the dose of 
(a) .As. What was carried out, (b) It is 3xl0157cm2 
about the dose of .As. It is 3xl0157cm2 about the 
dose of what was carried out, and (c). phosphorus 
(P). What was carried out, (d) It is 5.5xl0157cm2 
about a dose, using 5xl0157cm2 and a boron 
simple substance as an ion kind for the dose of .As. 
What was carried out, and (e).As are 
10xl0157cm2 about a dose, there being nothing 
and using a boron simple substance as an ion 
kind. What was carried out is used. 
[0023] if (b) is compared with (a) of this drawing 
4 , so that (a) will be under (b) and (a) and (b) will 
go to the right " the bottom - **** it is. 
Therefore, when* there are many oxide-film 
adhesion reinforcement's falling if there are many 
doses of N+ (As+), and P+ doses (BF2+), it turns 
out that oxide-film adhesion reinforcement falls. 
Moreover, when (c) is compared with (b) of 
drawing 4 , (b) is under (c) and atomic large 
arsenic (As+) has adhesion reinforcement lower 
than phosphorus (P+). Furthermore, N+ if (e) is 
compared with (d) of drawing 4 , since oxide-film 
adhesion reinforcement is almost the same It 
turns out that oxide film adhesion reinforcement 
does not change with atomic existence. These 
things to N+ A damage is formed in silicon with 
an atom, and fiirther, if the dose of P+ (BF2+) to 
this damage layer is increased,^ it will be 
presumed that adhesion reinforcement falls. 
Under the present circumstances, ((d) (e) 
reference of drawing 4 ) and BF2+ since oxide -film 
adhesion reinforcement does not faU in a boron 
simple substance (B+) F is considered to be the 
factor which reduces film adhesion reinforcement, 
[0024] The relation between a boron dose and 
oxide-film peeling by formation of the TEOS film 



which is the 2nd interlayer insulation film is 
shown in drawing 5 . In an axis of abscissa, it is 
BF2+ as an ion kind. The dose at the time of 
using is taken. Moreover, along the axis of 
ordinate, the peeUng number of the oxide film on 
a wafer is taken. A sample is 5xl015-/cm2 about 
the dose of (a) .As. It is 5xl015-/cm2 about a dose, 
using 5xl015-/cm2 and a boron simple substance 
as an ion kind for what was carried out, and the 
dose of (b).As. What was carried out is used. 
[0025] The dose of P[ from this drawing 5 ]+ 
(BF2+) is 2xl0157cm2. When it exceeds, it turns 
out that peeling increases. Moreover, peeling is 
not generated in a boron simple substance (B+). 
Also from this, it is thought that they, are the dose 
of Ph- (BF2+) and the generating factor of 
oxide-film peeling of F. 

[0026] The oxide-film adhesion reinforcement in 
each process is shown in drawing 6 in drawing 4 
and the form where it summarizes having become 
clear fi-om 5. Along the axis of abscissa, each 
process (the ion implantation of N+, the ion 
implantation of P+, BPSG depository annealing 
that is the 1st interlayer insulation film, contact 
dirty annealing, aluminum spatter photograph 
dirty, TEOS depository that is the 2nd interlayer 
insulation film) was taken, and the adhesion 
reinforcement of the oxide film on a wafer is 
taken along the axis of ordinate. 
[0027] Drawing 6 to N+ A damage layer is formed 
by IMPURA and it is P+. F is poured in by 
IMPURA (BF2+). Furthermore, by contact dirty 
annealing after formation of the BPSG film which 
is the 1st interlayer insulation film, weak 
chemical bonds, such as Si-O-F, can be performed, 
and the adhesion reinforcement of an oxide film 
falls. Furthermore, oxide -film peeling arises in 
film internal stress at the time of formation of the 
TEOS film which is the 2nd interlayer insulation 
film (this is presumed to be what is depended on 
thermal stress). 

[0028] The element profile of Si02 / Si interface 
after activation annealing of an MOSFET source 
drain diffusion layer is shown in drawing 7 . That 
is, distribution in the depth direction firom F 
(fluorine), Si, B and P, and the oxide film in O and 
As . is shown as an element. In addition, 
TOF'SIMS was used for measurement. Peeling 
can be prevented by it turning out that F 
(fluorine) exists in Si02 / Si interface, and it being 
presumed that this forms the weak chemical bond 
film, removing that weak oxide film also from this 
drawing 7 , and depositing an interlayer 



insulation film. 

[0029] Although the insulator layer etc. became 
unreserved, the impurity was always poured in, 
the wafer edge section reduced the adhesion 
reinforcement of an insulator layer and a silicon 
substrate by the overprint (N4- and P+ both 
IMPURA) of an ion kind and film peeling had 
produced it by the conventional approach like the 
above The weak film of association can be 
removed by removing the insulator layer 20 of the 
wafer edge section into which the impurity etc. 
was poured, and exposing silicon, and peeling can 
be prevented. 

[0030] Thus, the gestalt of this operation has the 
following description. 

(b) As are shown in drawing 1 , and 2 and 3, and 
an ion implantation is carried out to a silicon 
substrate 1 by using as a mask the photoresists 
31, 32, 35, and 36 which carried out wafer . edge 
rinse and it is further shown in drawing 2 (d) 
After carrying out etching clearance of the 
insulator layer 20 (silicon oxide) on the 
ion-implantation field (impurity diffusion field) 41 
in the wafer edge section and exposing the 
iori-implantation field (impurity diffusion field) 41 
concerned, as shown in drawing 3 The top face of 
a wafer was covered with interlay er insulation 
films 14 and 19. therefore , by the conventional 
approach , although the adhesion reinforcement of 
the interface of the semi-conductor in the ion 
implantation field ( impurity diffusion field ) 41 
and insulator layer in the edge section of a 
semi-conductor wafer fall , since interlayer 
insulation films 14 and 19 be form after remove 
the insulator layer 20 of this part , the 
nonconformity of film peeling occur with an 
interlayer film formation process , and result in 
the contamination within a process or a 
component pattern defect be cancelable with this 
operation gestalt . 

(b) It is suitable when using As or P with BF 
system, as explained especially, using drawing 4 
as an ion kind in an ion implantation. 
(Ha) The dose of BF system ion kind is 
2xl015-/cm2 like drawing 5 further. While being 
above, the ion kind dose of As or P is 3xl015-/cm2 
like drawing 4 . It is suitable when it is above. 
[0031] Moreover, it is suitable when the thickness 
of the insulator layer on a silicon substrate is 
200nm or less. Oxide-film thickness and the 
relation of oxide-film peeling are shown, if an 
oxide film is thinner than 200nm to drawing 8 , 
film peeUng will occur in it, and when an oxide 



film becomes thicker than 200nm, peeling of the 
film stops occurring. This is N+ and P+, so that an 
oxide film is thick. It is thought that it is because 
range shifts and a chemical bond does not become 
weak. 

[0032] Next, other operation gestalten are 
explained. Although etching clearance of the 
insulator layer 20 on the ion-implantation field 
(impurity diffusion field) 41 in the wafer edge 
section was carried out with the gestalt of the 
above-mentioned implementation before forming 
both interlayer insulation films 14 and 19, this 
etching may be carried out before deposition of 
the TEOS film 19. That is, if the adhesion 
reinforcement of Si02 / Si interface falls by 
annealing, film peeling is considered to separate 
in the stress of the TEOS film 19 which is the 2nd 
interlayer insulation film and it carries out before 
deposition of the TEOS. film 19, it can prevent 
oxide-film peeling. 

[0033] Moreover, although the gestalt of the 
above-mentioned implementation showed the case 
where carried out an ion implantation to the 
semi-conductor substrate 1, and an .dmpurity 
diffusion field was formed, when carrying out an 
ion implantation to the semi-conductor film on a 
substrate 1 (poly crystalline silicon film) and 
forming an impurity diffusion field (i.e., when a 
diffusion field remains in the polish recon film of 
the wafer edge section), you may apply. That is, in 
order to acquire etching stability in the case of 
polish recon etching, if the mask of the wafer edge 
section is carried out in a clamp ring, the polish 
recon film will remain in the wafer edge section, 
but peeling will not be produced, if the BPSG film 
is deposited after removing the insulator layer on 
the polish recon film of the wafer edge section and 
exposing the polish recon film in this case. 
[0034] Moreover, although the wiring layer was 
the monolayer structure established one layer on 
the substrate in drawing 1 - drawing 3 , it may be 
applied to the semiconductor device of the 
multilayer structure which prepares the wiring 
layer of a two-layer eye on the interlayer 
insulation film on it while it prepares the wiring 
layer of the 1st layer in a substrate top face. 
[0035] Moreover, after it applies a photoresist all 
over a wafer and a rinse removes the resist of the 
wafer edge section about clearance of the 
insulator layer on the semi-conductor substrate in 
the gestalt of the above-mentioned 
implementation, or a semi-conductor substrate, 
dry etching is carried out by the gas of a fluorine 



system, and it is good even if unreserved in a 
silicon substrate or the polycrystalline silicon 
film. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] Drawing of longitudinal section 
showing the production process of the 
semiconductor device in the gestalt of operation. 
[Drawing 2l Drawing of longitudinal section 
showing the production process of a 
semiconductor device. 

[Drawing 3l Drawing of longitudinal section 
showing the production process of a 
semiconductor device. 

[Drawing 4] Drawing showing the relation 
between an in plastic dose and oxide-film 
adhesion reinforcement. 

[Drawing 5] Drawing showing an in plastic dose 
and the relation of periphery oxide-film peeling. 
[Drawing 6] Drawing showing the relation 
between each process and oxide*film adhesion 
reinforcement. 

[Drawing 7] Drawing showing the element profile 
in Si02 / Si interface. 

[Drawing 8] Drawing in which separating with 
oxide -film thickness and showing the relation of 
the generating number. 

[Drawing 9] Drawing of longitudinal section 
showing the production process of the 
semiconductor device by the conventional method. 
[Drawing lOl Drawing of longitudinal section 
showing the production process of a 
semiconductor device. 

[Drawing 111 Drawing of longitudinal section 
showing the production process of a 
semiconductor device. 
[Description of Notations] 

1 A silicon substrate (wafer), 2 P well field, 3 
N well field, 4 N field (source), 5 -- N field 
(drain), 6 - P field (source), 7 - P field (drain), 8 - 
The gate oxide on P well, 9 Polish recon gate 
electrode, 10 " The gate oxide on N well, 11 
PoHsh recon gate electrode, 12 The 
side-attachment"wall oxide film of P well top 
pohsh recon, 13 The side attachment-wall oxide 
film of N well top poUsh recon, 14 - The BPSG 
film as the 1st interlayer insulation film, 15, 16, 
17, 18 - Aluminum film, 19 [ A photoresist, 33 / 
The impurity diffusion field after a well, 34, 37, 
38, 40 / - A photoresist, 39 / - A contact hole, 41 / 



- Impurity diffusion field. ] - The TEOS film as 
the 2nd interlayer insulation film, 20 -- An 
insulator layer, 30 ■ A pad oxide film, 31, 32, 35, 
36 
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*;±A-r^Ig<h. m2WmS^<D:i^l«!|*i-f ^>^>±A-r 
« IS^^C; C <!: ^i^gj <!: -r ^^»ftssossiit:^}* o 

m^m 4 1 ii^il 2 3 lciSiE<0¥#(*il§<D 
-Yi^^^iATCD-f^VSchUT, B F3^<h. A s 

B F^^;t>llCD h^-Xfi;&^2 X 1 Ois/cm? m±T 
&'5i:<!:'fo(c\ A s S^bti P<^-f :;t->a K-X«X>^ 3 x 

SuIE X /\ X ^ ^t- >>± A«SigE±(7:)ffi^M ^ X ^> 

^^^^f^^-r-SXlKi, 17yth\yi>>^\-^0ji/\±miZ 

:7^;/^^x^>f^>^^TXu/5^>^UTi>U=l>S 
m^fz: Kigali U n >M^iyj$ aj U iz-r ^ c <*: -^.it^a 

m^^mommyiiiiztsi^x. 

[0 0 0 1 ] 

HI'S. u>?:;^h^ffi^rc'i7x/\i§i2iSli(?5Ui^>^h(c;gSj 

[0 0 0 21 



't^xm^^-ri>o t<Dy7t\-'jyj:mizx. mm^:^ 
<?xtb^. hU>^:^hffifi':>x/\x-/5="J>>^ (it 

^KU>X) T'. S-XS(^iiaSCD>bO;icE^^$tl. "^x 

/\x V T^^mmm^ ^t^m^^ U ic;^: y . %\z-:^^^ 
;&^;±A$n^o 
[0 0 0 31 ;iA$n'5>r:t>fi;RC/a:tain-&lCcfct:>T 

r:? X /\x ^> T^oimm <t ^^f* v u =i >g«(DSgs^ 
10 g*fiT$i±> srBiM»MxfiTfliiij;&mx>^e^, xs 

[0 0 0 41 

?^U>ALx>t7;i- hUfx;^ h^fflt^/cXe^S'5C<!:lC 
[0 0 0 51 

20 mm^m^t^tL^(o^m m^^ \ icctntf. •;7x 
<*g«*y^c(^si5±cD¥?i<*mic>r:t>>±A^n'5o ^ 

UT, '5xy\X^yf=g|5|Cfc(t'5)-<:<->;iA«SJa<0±(DS» 
SJS * X 5=- > ^(^* U T ^K>r 3j- A^JS* $ 

-e-yb?fe(cfct\T. •5x/\(D±®icBrB^teatj3i;5^ifts$n 

:t>>iA$IJaTCO¥2gtt:<h)l&^Jg<!:<^l^a<?5Sg^«gX>< 

30 mwr^w^^ xi.m}^^yk'pm.=^n^ - >iniPj8 icm^ <h 

[0 0 0 61 ^tZs m^'^2\Z%m.(^^0\Z. ^^>}i. 

"^tsm^^izmuxis^o $e>ic. m^m3izum<o<ko 
iz. ^^ mmm(DyFii^-(^>^}ixt^j:mt. m2 

f ^Xg^^tf^^lCbigUTlN^o 

[0 0 0 71 ^fc. mmm4{zBm<D^z>iz. -C7t>i± 

40 AX(0^:i->m^:UX. B F^<i:. A s P^fflCN 

>'flC0K-XftX>^2 X 1 Oi5/cm2 JU±-C^-5<i:<h't> 
(C. A s^^(iPO^;t>fflK-Xa;&<3X 1 015/c 

[0 0 0 81 ^>b. S3^3l6(cieH(^J:p|z. Cix/\x 

^Xmit. :7:t hUi^Ah€'?x/\±®(C^ffiU, C7x 

50 alv' U □ >S^iiJ^aiUfC^^<i:cfct\o 
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[0 0 0 9] $e)ic. my^m? \zum<D^z>iz. 
m&^rzu^m»m±(ot&mmo:>mmtfi2 o o n mJUT 

[0 0 10] 

mm{z^if^^^m»^m<o&mxm^7ri'r. 

[0 0 1 1 ] ms (d) ic^-r<:t:pfcMOS 

F E T<i^«:;5:LTt\^o 5¥U< li. N5^-v^;l.MO S 
FET<i:P5^1':^;UMOS FET«-B:ffiUTCN^o 

ic*3it^^iigiiic(i p o jLjvmm 2^No x^u^ia 3 1)^ 

icN^ia (v-:;^) 4<i:N^ia (KU>f» 5 

mzpmm 6<i:P^igE (ki/^» itim^ 

^nTl^^o P0jLjum^2<D±{zit^-hmit 
ms^^ uttK «j > 'J =1 V'^'- hss 9 t)m^^nxi\ 

^„ |5i«iC. N'5x;USIi|E3 co±lc(i<r- hK'fbBgl 0 

7t^U>U=]>y-hmS9, 1 Uiv'UziVK^bM 
12,1 3 ^CTMt)nTt^^o $t>lC. U a VSfe 
(•:>x/\) 1 0±®fClilg1 COSHltfeS^KchUTOB P 
SGKl 4X>^Jf$«$tlTt^^o N«i|E4. StP^^ 
6, 7(iT;U = S2^1 5, 16, 17, 1 8 ctgge^tl 

Tcx^o 't(D±{z{tm2<Dmmmmmtuxo:>T EOS 
[0 0 1 2] )X{z. ^mi^'^mommyim^mmt^o 

^-f. m^ (a) (C^-TctPlC. i>U □>'^x/\ 1 ^ffl 

su, vUziv-jx/M ic/t*y KK<bM3 o^jf^«-r 

-^-L/T. 01 (b) . (c) . (d) {ZT^t^O 
(C, MOSFET(DP, N':>x;i'^1^2 , 3^y^\-iJ 

^«-r^o mi.<its m^ (b) rc^-rj:p(c. :75j-h 

\y>^:^hs ^ ^m^commizm^Us z.<Dy^ 

^3 } ^m{.\xpm(D'<:t>m^iit>^tst^^[z. m 

1 (c) (C^fctp(C. ^'jT hU>^:^h3 2$flFf^(^^ 

h31. 3 2(iC?x/\X-/5=^U>X«lSX?^iT4Dn. SI 
(b) . (c)(0^ii«El, E 2 J:y t>'^x/\^/iffiiJ 
lC(i:7:r hL^v;^ h 3 1 , 3 2 C(D^J|E(C^-< 

Jc, 7--j\.-t^:itlz\k^JP, NC7x;u«Sia2, 3;&« 
Jf^^^ti^o ctod:^. ^^x/v^^gPfcfi^Fttiiakift^ 

1^3 3X><J^ric$n-5o 
[0 0 1 3]'g|^g?^. SI (e) fC^f<J:p(C. MO 
S FETOy-hfflC07KU'>U=l>fli (9, ID^t' 
Tt^U. h'J Vfi^^Tj hl/i/X h 3 4) 



UT;f?'Jv'U=3>y-hmtS9, 1 1 $:@£g-r^o 

T. 02 (a) fC^r<fc^(C, /HUixUiayy-hSS 

9, 1 }(D^mtux. mmitlz^^J&mmitm^ 2, 
1 3 1 0 0 n mmmm&t^o 

[001 4] $e(C. 02 (b) {Z7r:-r<^0\Z. N^-V 

^;UMOs F E Tcov~;^^ ■ \^\y>c>m^m(Dm&<orc 
tbizmm^:t> (As+ ) *rcfi«^>f> (P+ ) 
^ hUvX h 3 5^fflC\T>±Af -So 0 2 (c) 

iZTik-rjiiOiZ. Pf'i'^^^UMOS F E Tcov-;:^ - 

:t>g<*:UT(OB F2 + ^^^>yiAT^. :itl?><0 
Xmxmi^^y^ hU-v?;^ h 3 5. 3 SitOj:/\Jiy^ 

^j>y.ii!^mt)mt>n. 02 (b) , (c) <D9\^m^E 

3, E4cfcU't)'':7x/\^^i^ffllJ(CJi:7;J-hL^>?>^h3 5, 

3 6x^ts<. :i(D$miz^^:t>mt)m^^^ti^. 

[00 1 51 cc^cfcpicy-::^ • KU-r>-r >y^U;t 
WZ. 02 (d) (c^-Tcfcpic. y:thUi>y.h3 7^ 

mi^x. o Ji/\Jiy^mz:^sif^^^^^m^mm 

>;±ASligE) 4 1 <D±<Dmm2 O^JLy^>{fm^\^ 
20 TC<D^a4 1 ^m^^i±^o l¥U<(i. 7;*- hL^>^>^ 
h 3 7$:'^x/\±®(C^flfU. Oji/\JLv^m(Oi^i>y. 
h3 7^U>:;^T'K^^U>c^. 7'^:/M^x^>5^>y>ST 
K<bfli2 0€J:u/5^>^bT->Uzi>«Si ^m^^U 

[001 6 ] -e<D^. 03 ( a ) iC^-Tcfc ^ fC. 0 JiJ\ 
±lC|g1 (DJirBlSfe^MchUTCDB PSGjgl A^Ti^-t 
So ^LT. Tx-JI. (fgifilS) ^ffPo CtlJ*. BP 
SG^I 4CD¥li<bStXMOS F ETODV— >^ • K U^T 
><7>)Stt<b<?5rc: *!>T^ S o 
30 [0 0 17] ^UT. 0 3 (b) {ZTT^t^OiZ. 7^ h 
ij V • X-/a^>^(CTMO S F E T(Oy->^ • KU-f> 

-So i*U<(i. hU>5::^h3 8$fi?T^(7)^iaiCff$ric 

zx>^{? 9(OV'^-<JLy'^>{f{t. x^> 

5^>^SS<b(0;tii>(C'^x/\x-/5^'aj^>>^>yu >y 
T'v::^^-rs>tA6. "^^x/xx-z^^gpicB PSGJSl 4;&« 

40 [0 0 18] c(OJ;^ici3>t^ii7 h^-;U3 9^mm,l. 

d6(CTX-JU-rSo "tux. 03 (c) iC^-TcfcplC. 

T)V^m^y<j'^-j^')>{/mtixm&L.. :7;rh'Jvft 
SB (:7 5^ hi^v::^ h 4 0) eh. K^-rx'>5^>^sifi5i& 
fflt>T/tt^-x>^UTT;u^iSf!li S'-i 8^@eM-r 
-So $e)(c. 0 3 (d) {Z7ri-r^o\z. OjL/\±\zm2 
(omfiiymm^iyxcoj Eosm.^ g^^jg-r-So 
[0 0 1 9] tx±tfi:$^mmmx<omi^jLmx&^ffi. 

50 Xnt.tXT(0^yiZ^M.^tli^^l,Xl\tz. 0 1 -0 3 (C 
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'Ja>y-h®g9, 1 1 ^ffigu. $e>ic. SI 0, 

1 1 rc^t"cfce)ic:7ji- hi/>?:^ h 3 5, se^fflux 

P, N^igE4-7$:Ji5fi!cU. m^X. B P S 1 4 <D 

[0 0 2 0] CCT% 011 (d) lC^-r<fcplC. m2 
(OBrelieSKT*^ T E O S S 1 9 (Ofl^fiRXScOlgt^Si 1 0 
jiO:a(Zct:UKrtgP/£:bX^^^^L.T. S i 02 i ^® 

CtKi. MO S F E TOV-:;^ • K U-T >^l^CO-r ;t > 

>;0<;±A$n. KfkBioailxBP^^ (10 0 nmfiS) "C 
li. s ( 02 /s i Sffiic^t\e^xr«-e#, ffiosB«^ 

[0 0 2 1 1 dtlfC^tU. *IISEfl^S-C(i. 02 (d) 20 

<Dc:<i:< s i 02 /-s i #®lcT^^iltN-fb^3e^<;5K 

2 o^mHuic^^uTi^'jnvsfii ^*j^asuicu. 

[0 0 2 21 JUT. *»W#e>/r*ftr>>t«i<Dll»0^ 

(a) . A s(0K-XaS:5 X 1 Oi5/cm2 iU/bt) 

(b) . A sOK-XM^3 X 1 015/c mZ <hU>ht> 

(c) . « (P) (7)K-Xa^3Xl Oi5/cm2 <»: u 

(d) . AsOK-XM^5xi 0i5/cm2 , jtr^o. 
7KP>^i*^>r:t>a<tL/TK-Xa$:5. 5X1015 
/cm2 <!:brct)0. 

(e) . As(i»|<. 7KP>*<*^-r:t>a<hUTK- 40 
Xa* 10X1 015/c m2 <hU>ht><D. 

[0 0 2 3] C(D@4<;D (a) <t (b) ^itger^*!:. 

(a) li (b) (DTlCfeU. (a) , (b) <tt> 

:&^Ct^<l5^T/?<oTt^^o ct^T. (As+ ) O 

K-Xa/?<^t\<!:K<kKffiS?ag/><fiT-r^C<h. S 
Xf. P+ (BF2 + ) K-Xa;&<*c\<h. K^kmsg^S 
&tfiiS.Tt^Z,tti^i^tf^^. ^fc. m4(D (b) <!: 

(c) ^ttmr^t. (b) (c) CDTfC^U. IS 

(p+ ) <^^j^.^(D:k^i\m,m (AsM <D:fi/)mm^ so 



S;&^ffit\. ^e>(C. 04(0 (d) <h (e) -&J±^t--5 

^p+ (BF2 + ) (OK~xa*ig^-r<hffis^g;&^(a 
TT^^ii^^n^o cofg. TKPv^tt (B+ ) Tii 
mmmm^mt)mTu/3iiy:i^t)^^ {m4<o (d) , 

(e) #.^) . BF2 + C0FX>^SiSg^«e4fiT^it^ 

[0 0 2 41 05ic(i. 7t^o>\^-xm^m2<Dmmm 
mmx$>^ T E o sm(Dm^x(Dmtmmt)^nt(Dm^^ 

^Tjk^o eil4(c(i>r:t>a<*:UTB F2 + ^fflt\;tli^ 

(a) . AsC0K-X«^5Xl 0^5/cm2 iU^tt) 

(b) . As(DK-Xa^5X 1 0i5/cm2 . 

tKQ >r ^>a<h UTK-Xa^5 X 1 015/c 

m2 «tU>b't)(D. 

[0 0 2 5] CCD05;O^e>. P+ (BF2 + ) CD K~X 
aX?^2Xl Oi5/cm2 ^SA'5<hSiJ;&^nX^^liA0^^C 
<h/^5^;&^^o mrc. 7KQ>*fls: (B+ ) T(iiHJA^n(i» 
^U;S:t^o C(DC<*:;&^e>'fo, P+ (BF2 M OK-X 

[0 0 2 61 04, 5t)^i^mmiyrz:it^^tdb^m 
x\ msizit. ^i:mx<Dmimmm^m^7r:^o m$i 

IB 1 (ommmmmxS}^ b p s gt^tk • T^-;k a > 

5^. m2(Dmriimmmxsb^T Eos^m ^^ctu. 

[0 0 2 71 0 6X^^6. N+ -r>y^T^>-fxB^?f$ 
^U. P+ (BF2 + ) ><>y^TFX?^;±A^n^o ^ 

e>rc. m^ (Dmmf&mmx^^ bps Gfii<7?jf$^^(?5zi 

hX^;/5^ • S i -O- F^<^:<^[)St^ 

ic. m2<Dmrsf&mmxi^^T EosmcommB^iz. m 

[0 0 2 8] 0 7|Cii. MOS F E T V-X • K U>f > 
ffiitSO;S1t<bT--JU^(OS i 02 /S i S®(D7C* 

zf ay 7^ ji^^TTi-ro Wt>. Ttmti^XF (yyM) t 
s i ^B^PtotAsx<Dmmt)^ib(D'^^:^^xa:> 

5^'ffi$:7FUTt^'g>o >5:fc. ;lfl^lC(i T O F - S 1 MS^ 
fflt>/Zo C<D07X>^e>'&. F (yym) t^S i O2 /S 

^b^^^is^jF$^uTCN'5<i:iis$n. ^(om^mtm 
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[0 0 2 9] Ja±<Dc:i:<. S£*:>3;iTf*. ^^x/xx^;/ 

^n. '<^>m<omt3iiit>{z^'DX (n+ . ^^3(0 

[0 0 3 01 COctPfZ. 2|5:|IBfi(^)JB8S(iTie<3D*$a$ 

U/b:7:<-hUv:^h3 1 , 3 2. 3 5, 3 6^"7X^<h 

(d) (C^fcfc^lC. -i^x/NX^^f^gplcfclt^-f :t>;i 
(^«%lffi»«S«) 4l(7)±a)»»gi (v-Uav 
K<kfli) 2 0^x^>5^>y|^*UT^K^:t>>±A^ia 

{^*e^as£8fc^iii) 4 1 ^sa5$-t±;t». 0 3ic^t-J: 

pfc. C?x/\(DJiS*SPBl|ftSKl 4, 1 BX^mt^ 20 

*iissjBflgTi^. cogp<a(Di6»fli2 o*»*u>b^(c 
upbIi^^mi 4, 1 gj&^jf^^^ti-scoT. ^PeifliJf^fiicx 

(□) *#IC. -r:t>>±Ar(7)-r^>fi<!:L.T. S4^ffl 

^ICSLTCX-So 30 
(/\) $6)IC. 0 5(Ocr<!r< B Fm>f :t>fi<OK-XS 
tfizxy 0i5/cm2 m±-e^'5<hch*>[c. S4<7)cr<h 
<As*>bIiPO>f:t>fflK-X«X^<3xl 0^5 /cm 

[0 0 3 1 1 ^fc. iy')^>mwL±o:>^&mm(o^w-f)^2 

0 0 n mlUTTfe^li^(CiiUTl\^o 0 8 (Cli. K^b 
Jii[^<tK^kflii«J/^n(DH<g^^U. K<bK*<2 0 0 n 
mckU^>St^<i:Ki^J;^^<n;&^^^^. ^{bfliX?? 2 0 0 n m.*: 

K^bagx^^Jll^^it<i:N+ . p+ (Dmmti^Xi^xit^t&^tfi 40 

[0 0 3 21 -ec^ffeonjgff^^^uiw^-So ±ie 
Hffioff^^Tfi^^^cospB^jfeSK 1 4, 1 9^m&-r^ 
ti{zojL/\Ji^y'pmz^if^>c^>}iXi^m (^m^m 

^^m) 4 1 0±CDffigM2 0^Xu/5^>^^*L/b 
C<DX^y5^>tr^T EOSMl 9(;Dii«BtjlC|ISgU 

Tt)<i;Oo ::>*U. mmf)^n{t. Tx-;UTS i 02 / 

T Eosm^ 9<D£i^f)xmt)<ti^tmx^ri. teos 
Ki 9 (T^itasuicms-rtitf . K^bmi^jx^m^wih-e^ so 



[0 0 3 31 *Ac. ±iEllffiOJF$^-C(i#^«:»ffi 1 (C 

t)^. mm^ ±(o^^mi*^m (^ss>^uzi>k) rc>r:t> 

;±AUT:T^|iEi^l£ift^ige^?f$^-r>5ti^. &lt>. 
UTt>J;t^o o^y, 7f^Ui^Ua>x-/5^>^<^(R(cx 

*y 5^ >^^S1t^f# -5 rc«> IC -^7 X /\X 5=^95^ ii7 ^ > y 

ffim^ti^. ^:<^li^^c*5t^T. -J^x/Nx^^^gpoTt^Uv 

[0 0 3 41 ffilSlifi 0 1 -0 3 T(iSffi±(C 1 

i£tiJl^^(t ^ <h t> (c^o±(DJirB^ffiii^M±(c 2 B e 

(owmm^WL[^^$.mmm<K>^m»mm.\zmm \^x^^ 

[0 0 3 51 ^>^c. ±unm(ommx(o^mwmwL^rz 
{t^=¥^mwmii^±(0^mm<D^^{zm\^x. y^\-U'J:^ 
h^r'^x/N^SlC^fliU. '>x/\x-/5^gp<7)Uv>^ 

[0®(OffiWd:IJi^l 

[0 1 1 ll«ScDff^^(cfc(t^#^#^M<7>iSigXfi* 
[0 2 1 4^^**:^@<7)KiiXfi^^t-^ilT®0o. 

[0 3 1 '=^mwmm.(ow^iLm^7ri-rm.mmm.r 

[0 41 >r K-Xfi<!:K<bKSa^g(^gm^ 

[0 51 -r>y^ K-xa<hii^i^K^biHi^j/^n<7>M« 
^^•r0c 

[0 6 1 ^jLmtimimmm^m.(o^%i:mtmo 
[0 7 1 s i 02 /s i l?DfaT'<07c^yp:7T'<;u* 
^•^00 

[0 8 1 mitmwLmmt\.^^mii^(om%^m-tm. 

[0 9 1 St*?^S(c J:^4£3|«:^g<^l!{iiXg^^-r 
S$Srr®0o 

[0 1 01 ¥^<*^MoS3ixii^^-rfitK®0o 
[0111 ^m»^m(ow&j:m^7ri-tms\mmo 

l - -£xijzi>S45 (-i^x/x) . 2 --P'5x;U^«. 3- 
N-^x^UfiiS. 4 -N^ia (V-;^) . 5 - - N^« (K 
. 6 - -P^Ilge (V-:^) . 7 -P^i|g (h'U-f 

» . S'"P^ji)\^±o^-V'mtm.. 9 -7t^u>u=] 
>y-hms. 1 0 ••N':7x;P±<D'5r*- hSfb^s 11 

-Tt^uv-u^i^y-hme. 1 2-P'5x;i/±7t^u>y 

=J XDffiiJMK^b^/ 1 S'-N-^x^l/^Tt^'J □XOffllJ 
MKIbK. 1 4 1 <^/lPa1lfe^lg<!: UT(0 B P S G 
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1^. 1 5, 1 6, 1 7, 1 s-T-yusm. 1 9-m2<r> 
mriimWimti.x<DT Eosm. 2o-imm. so- 

A»/KK<kKv 3 1. 3 2, 3 5, 3 6 -••7:<- h Ui^:^ 



h> 3 3--^;i;U^<D5F^E!^ffiSftlIi|E, 3 4, 3 7. 3 

4 1 • -TtttiffiiJiisa, 
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